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I N T R O D U C T I O N 
2 
In recent years the research on surfactants in solution 
has experienced a dramatic surge due to its widespread appiica-
1-4 
tions in the field of industry and pharmacy . Many laborato-
ries and specialized research centres are at present actively 
engaged in the field of surfactant, as a result of which intere-
sting results have been produced at an increasing rate. The work 
in this field has been so intense, that surfactants have reached 
the status of full industrial products owing to their countless 
uses in every sector of industry. 
Surfactants, surface active agents, or detergents are 
amphiphilic organic or organometallic compounds, possessing 
distinct regions of hydropholic (water repelling) and hydrophilic 
(lyophilic or water-attracting) character. These substances are 
generally derived fran fatty acids, fatty alcohols, alkyl phenols, 
alkyl amines, mercaptans etc. Since the polarity of the distinct 
regions of these substances varies greatly, these substances 
have also been referred to as amphipathic,heteropolar or polar-
non-polar molecules , The polar- nonpolar character is respon-
sible for the unique properties of surfactant molecules in 
solution which render possible applications in detergency, 
cleaning, wetting, flotation, emulsification, dispersion, 
foaming etc. ~ The factor responsible for good surface 
activity is the balance between lyophobic and lyophilic proper-
ties-"-^ . 
3 
Depending on the chemical structure of the hydrophilic 
moiety bound to the hydrophobic portion, the surfactant may 
be classified as cationic, anionic, nonionic, or ampholytic 
(^witterionic). Preparation and purification of synthetic 
12 
surfactants in general have been reviewed . Naturally occur-
ing araphiphiles include simple lipids (e.g., carboxylic acid 
esters), complex lipids (e.g., fatty acid esters containing 
phosphorous, nitrogen bases, and sugars), and bile acids such 
as cholic and deoxycholic acid. Column, paper, and preparative 
thin layer chromatography have been widely used to purify 
,. . , 13-20 lipids 
MICELLE/CRITICAL MICELLE CONCENTRATION : 
Micelles are aggregates of colloidal dimensions existing 
in equilibrium with the molecules or ions from which they are 
21 formed , The most characteristic and thoroughly studied 
property of surfactant solutions is the cooperative self-
association of the solute within a fairly narrow concentration 
range in dilute solution to form high molecular weight aggre-
gates known as micelles. This topic has been throughly consi-
22 — 28 dered in several recent reviews . A micelle has an average 
radius of 12-30 A° and contains 20-rlOO monomers. Depending on 
the chemical structure of the surfactant, its micelle can be 
cationic, anionic, ampholytic (zwitterionic), or non-ionic. 
The number of molecules that aggregate to form micelles is 
called the aggregation number (N). Since the aggregation 
nvimber (N) determines the size and geometry of the micelle it 
is an importent quantity. Micelles do not exist at all concen-
trations and temperature. There is a very small concentration 
range below which aggregation to micelle is absent and above 
which association leads to micelle formation. This concentra-
tion range is called critical micelle concentration (CMC). 
CMC can also be looked upon as narrow range of concentration 
at which the micelles first become detectable. It has long 
been established that there are quite abrupt changes in the 
concentration dependence of a large number of physico-chemical 
properties at a particular concentration (Fig. 1); this led to 
the CMC concept. The CMC is of central significance in micellar 
solutions. The CMC is one of the most easily obtainable and 
useful quantitative results about aqueous flexible chain 
surfactant systems. One of the most practical uses of the 
CMC is in the calculation of monomeric and micellar concentra-
tions. Numerous methods are available for the determination of 
29 CMC. Mukerjee and Mysels have compiled CMC data of various 
class of surfactants using different techniques. 
Though micelles provide a microscopically heterogeneous 
environment/ they are generally small enough for the macro-
scopic properties to approximate to those of truly homogeneous 
solutions. Moreover, the surfactant molecules are in dynamic 
equilibrium either between two micelles or between a micelle 
and bulk water. The hydrophobic interior of a micelle provides 
a restricted voli:ime of hydrophobic space in an aqueous environ-
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6 
ment. A conventional representation of micelle is that by 
Hartley (Fig. 2) and is more acceptable and useful for 
visualization. 
Surfactant molecules can he considered as building 
blocks of micelles. It is possible to obtain various types 
of structures of surfactant molecules by simply increasing 
the concentration of surfactant in water with a concomitant 
30 
change in the size of the aggregates . The spherical micelles 
formed near the CMC become cylindrical ones which may be 
converted into a hexagonal packing of surfactant molecules to 
lamellar structures by increasing the concentration of surfac-
tant in aqueous medium. Further concentration increase leads 
to the conversion of lamellar structure to hexagonal packing 
of water cylinders (Fig. 3). It is possible to induce a 
transition from one structure to another by changing the 
physico-chemical conditions such as temperature, pH or by 
addition of mono or divalent cation and other additives in 
the surfactant solution. 
Reverse Micelle : 
Micellization in non-aqueous solvents has not been 
studied so extensively as that in water. In non-polar solvents, 
in the presence of traces of water, surfactants associate to 
form the so called, inverse, reverse, inverted or reverted 
micelles. Here the polar head groups of the monomers are 
present towards the centre of the micelle, and the hydrocarbon 
7 
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chains extend outwards into the apolar solvent. The structure 
of these aggregates is inverted as compared to that of normal 
micelles and can be thought of as a surfactant entrapped water 
pool in the bulk hydrocarbon solvent. The size and properties 
of reversed micelles vary with the amount of water present. 
The size of reversed micelles in apolar solvents varies consi-
derably and depends upon the factors such as surfactant struc-
ture, the solvent, and the presence and absence of solubili-
zates. 
The reversed micellar system can be characterized by a 
34 
variety of physical techniques such as viscosity / centri-
fugation , light scattering , NMR , IR , vapour pressure 
33 39 
osmometry and small angle X-ray Scattering . A typical 
reverse micellar representation is shown in ?ig.(4). 
The discontinuity in some physical property of the 
solution can be used to identify the CMC, and techniques 
such as light scattering, ultra centrifugation, and viscosity 
are used to determine the size and shape of the micelle. Some 
techniques have been recently developed to determine the CMC, 
4 0 41 42 
they include dye solubilization ' , water solubilization , 
nmr^^'^^, solubility^^, and surface tension*^'^^'^'^. In recent 
years there has been an increasing interest in studying struc-
ture of aggregates of surfactants in apolar solvents because 
of their potential application as catalysts for chemical 
48 
sactions anc 
^A 1 49,50 particles ' 
rea d in the preparation of fine colloidal 
10 
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Mixed Micelles : 
In a solution containing two or more types of surfactants, 
27 
mixed micelles are formed . The formation of micelles from more 
then one chemical species gives rise to mixed micelles. In other 
words, there are not pure micelles of surfactant A and pure 
micelles of surfactant B present, but each micelles contains a 
mixture of molecules of surfactant A and B. This has been well 
established for mixtures of ionic and nonionic surfactants as 
well as for mixtures of nonionic surfactants. Due to the forma-
tion of mixed micelles, the saturation solubilization in a 
mixture of surfactants is not necessarily equal to the s\:im of 
51 the amounts which could be solubilized by each constituent 
The thermodynamics of the mixed micelle formation has been 
described ' , Clint developed an analytical description 
which induded both micelle composition and monomer concentra-
tion about the mixed cmc for mixtures of nonionic surfactants. 
dints' treatment also assumed ideal mixing in the micelle. 
53 54 Furthermore, the expression of Lange and Clint ' for the 
CMC values of mixtures of nonionic surfactants has been 
experimentally verified for cases where ideal mixing might be 
expected: with the aid of mixed.micelle formation between the 
surfadtants the properties of the mixtures of an anionic 
55 
surfactant and a nonionic surfactant , and cationic and 
non 
cfi en 
ionic surfactant ' have been interpreted. Lange and 
Beck and Clint pointed out that the cmc of the mixed 
12 
micelles is lowered more than that of the single surfactant. 
54 
Surface Tension measurements have been used to deter-
mine the CMC of mixed micelle formation between anionic surf-
actants and homogeneous nonionic ones. Membrane Osmometry has 
58 59 been used by Attwood ' and coworkers to estimate micellar 
aggregation numbers of mixed micelles. 
Another class of mixed micelles results when low-
molecular weight molecules are solubilized by micelles formed 
from surfactants containing a relatively larger non-polar side 
chain. The solubilized substance, also called a penetrating 
additive may be located in the hydrocarbon Core or the 
hydrophilic mantle 
Vesicles : 
Upon sonication above their phase transition temperature, 
many long chain surfactants assemble to form single or multi-
component bilayer vesicles. The term vesicles is used to 
describe spherical or ellipsoidal single or multicompartment 
closed bilayer structures, regardless of their chemical 
composition. Vesicles composed of naturally occuring or 
synthetic phospholipids are referred to as liposomes. Compared 
to micelles, the kinetic stability of vesicles is much greater 
as is their size. Typically their size range 2000-10,000 
monomers per vesicle. Also, they are more rigid and can entrap 
13 
and retain solubilizates. The methods of preparation and the 
properties have been reviewed 
FACTORS AFFECTING CRITICAL MICELLE CONCENTRATION AND 
MICELLE SIZE : 
Hydrocarbon, Chain Length and Structure : 
The critical micelle concentration decreases as the hydro-
carbon chain length increases. For the same head group, compounds 
containing longer hydrocarbon chains form micelles at lower 
concentrations than those containing short chains. The CMC is 
related to the number (m) of carbon atoms in a straight hydro-
carbon chain by 
log CMC = A - Bm (1) 
64 
where A and B are constants for a homologous series; Shinoda 
has listed the values of A and B for various homologous series. 
The position of the head group in the hydrocarbon chain 
also effects the cmc. The closer the head group to the centre 
of the chain, the higher the CMC: due to the two branches of 
the chain partially shielding one another. The presence of a 
double bond in the chain causes an increase in CMC. 
Additives : 
Many studies have been made on the effect of salts on 
the CMC's and micelle sizes of ionic detergents. The CMC of 
14 
ionized detergents " decreases on the addition of salts 
because the screening action of the simple electrolytes lowers 
the repulsive forces between the polar head groups, and less 
electrical work is required in micelle formation. The micelle 
size increases when the salt concentration is increased. This 
is due to the reduction in electrical repulsions affecting the 
balance of forces upon which the size of the micelle depends. 
While the effective charge on the micelles, p (the number of 
charges per micelle), increases with salt concentration, the 
actual degree of dissociation which is p/n remains roughly 
constant. 
For rjonionic surfactants, the addition of salts slightly 
71-74 74 
decreased the CMC and further increased at the higher 
salt concentration. The effect of salts may be due to a 
reduction in the hydration of the monomers, which increases 
the hydrophobicity, and consequently their tendency to micellize. 
Non-electrolyte additives like urea and dioxan increases 
60 1^ 7fi 
the CMC of ionic and nonionic surfactants ' ' , Urea is 
77 generally believed to break the structure of water , and to 
decrease the structuring around the hydrocarbon chains, hence 
reducing the driving forces of micellization. This effect is 
generally greater for cationic micelles than for anionic 
micelles. The effect of alcohols of varying chain length on 
77—89 the CMC's of a series of ionic surfactants have been measured 
15 
It has been found that the lower alcohols (C.- C-) effect the 
water structure and hydration and increase the CMC. Other 
linear chain alcohols (C^- C-) when present in very small con-
centration decrease the CMC. The CMC is reported to increase 
84 
when the concentration of alcohols exceeds a certain value 
Temperature and Pressure : 
For ionic surfactants the CMC increases as temperature 
increases, due to thermal agitation, which decreases adhesion 
between monomers thus shifting the equilibrium to favour the 
monomeric species. At lower temperatures the CMC decreases with 
increasing temperature , probably due to desolvatton of parts 
of the monomer which make it more hydrophobic. In the case of 
nonionic detergents the CMC decreases with temperature upto 
74 90 
an optimum value ' indicating that desolvation effects on 
both hydrocarbon and polyoxyethylene chains of the monomer may 
be so large that they outweigh possible effects of thermal 
agitation in breaking up the micelles. 
The micelle size (aggregation number) of ionic detergents 
decreases with temperature ' , an effect again due to thermal 
agitation. Micelles of nonionic detergents increase rapidly in 
92-95 
size with an increase in temperature , which might be 
partially due to increased monomer hydrophobicity and partially 
due to geometric considerations based on different configurations 
16 
of polyoxyethylene chains at different temperatures affecting 
the mode of packing of the monomers in the micelle. 
The effect of temperature shows that the CMC increases 
up to a pressure of about 1/000 atmospheres and decreases with 
96 97 further increase of pressure ' . This is because when soap 
molecules are present in the micelle, they in more expanded 
condition than when present as the monomers in solution, so 
that the initial effects of pressure tend to compress the 
micelle and mitigate against the increased freedom of the 
monomer in the micelle, thus giving the rise in CMC. The 
decrease in CMC on increasing the pressure above 1,000 atmos-
pheres has been explained due to an increase in the dielectric 
constant of water, making less electrical work necessary to 
bring a monomer into a micelle. 
Theories of Micellization : 
For the theoretical discription of micelle formation 
various theories have been given. In the two-phase, or pseudo-
phase, theory, the micelle is treated as a separate but soluble 
phase, which begins to form at the CMC. In the law of Mass 
action approach it is considered that there is an equilibrixim 
between monomers and micelles; the activity of the solute 
98 increases as the concentration is increased above the CMC 
The third approach, described as a critical phenomenon is based 
17 
go 
on classical thermodynamic Nucleation theory . According to 
this theory micelles are treated as small oil droplets which 
have to surpass a critical size in order to have micellization. 
For non-ionic detergents the equilibrium can be written 
as 
n (monomers) ;;;;.__ I^ micelle (2) 
K = C„. Vc„„„n (3) 
mic mon 
where K is the equilibrium constant, and activities have been 
replaced by concentrationsr 
In the case of ionized detergents, the equilibrium can 
be written as 
n (long chain monomer ions)+(n-p)(counter ions) 
micelle (4) 
K = C . /C " . C ^"-P^ (5) 
mic mon c 
where C is the concentration of counterions, p of which are 
c 
not bound to the micelle, e.g. the degree of ionization of the 
micelle, cK, = p/n. Using an arbitrary value of K = 1 the con-
centrations of the various species have been calculated for 
micellar aggregation numbers of 10 and 100 for nonionic 
detergents ' .At lower aggregation numbers there is a 
notable increase of the monomer concentration above the CMC 
from the mass-action treatment, and none from the pseudo-phase 
one. The pseudo-phase approach has been based on the observation 
18 
that the monomer concentration above the CMC was constant. 
This was largely implied from the constancy of surface-tension 
results above the CMC ' . This behaviour is not apparent 
in many micellar systems. 
Thermodynamics of Micellization; 
The process regarding the thermodynamics " of 
micellization involves the reversible aggregation of N amphi-
phile molecules to form a micelle as: 
Njj^  ^ =^ M (5) 
The equilibrium constant of this process is given by: 
m 
where C and C,, are the concentrations of monomer and micelle, 
m M 
104 
respectively. We can use concentrations instead of activities 
At equilibrium we have: 
NPm. = A^ M (8) 
where u and p are the chemical potential given as: 
u = u° + RTlnC (monomer) (9) 
/ m / m m 
ja = ^ ° + RTlnCj^ (mice l l e ) (10) 
From these relations the standard free energy of micellization, 
A ^o • x: J ^ V. 4 104, 106-108 
A G , per monomer is found to be given as 
19 
A.G° = RT m c^ - f- m c^ d D 
= RT In C.M.C. + P^ In N - §31 In C'„ (12) 
N N M 
where C' = NC„. 
n n 
In order to describe the free energy change, j \ , G^, i t 
i s useful to write i t as follows^^^'1°^,108-110^ 
A G ° = A G ° + ^ G ° + AG° (13) 
where A G^ (which will be negative) is the free energy change 
associated with the transfer of the hydrophobic part of the 
amphiphile molecule from the aqueous medium to the micelle 
interior of aggregation N, A, G (which will be positive) is 
the free energy associated with the electrostatic charge repul-
sion on the polar head groups and A G (which will be positive) 
is the free energy change related to the hydration of the polar 
head groups at the micelle-water interface. In non-ionic 
micelles the term A G° will be absent, while in the case of 
e 
ionic micelles the opposing forces will be due to A G + A G . 
These opposing forces are responsible for the micelle having a 
definite size and have been reported to originate from the 
111 hydrophobic forces . 
In dilute solutions and when the aggregation numbers 
exceed 3 0 the free energy of micellization A G° can be represen-
ted by the equation 
A G ° = RT In CMC (14) 
m 
20 
The heat of mice l l i za t ion can be ca lcu la ted from the tempera-
tu re v a r i a t i o n of the CMC 
A H ° = . R T 2 ^ IgCMC (^5^ 
The heat of micellization can also be obtained directly by 
calorimetry method. The entropy of micellization can be 
obtained from 
AS^ = ^ ^ < - ^<^ (16) 
POLYMERS : 
Since most chemists and chemical engineers are now 
involved in some phase of polymer science or technology, 
some have called this the polymer age. 
112 
The term "polymer" denotes a substance whose mole-
cules are composed of a large number of similer (if not 
identical) units covalently linked. The units so linked are 
termed "monomer units", or more simply "mer units". If the 
mer units are essentially or nominally identical, then they 
form a "homopolymer". When there are two or more types of 
mer units a "copolymer" results. The number of mer units in 
a particular polymer is termed the degree of polymerization. 
The degree of polymerization is determined by dividing the 
average molecular weight of the monomer into the molecular 
weight of the macromolecules. The degree of polymerization 
21 
can be denoted by the letter n. The product of the degree of 
polymerization n and the monomeric mass of a monomeric unit 
113 Mu equals the molecular mass of the polymer 
Mpol = "^"-
The degree of polymerization may vary over a wide range, 
from a few units to 5000-10*000 and more. Polymers with a 
high degree of polymsrization are called high polymers, while 
those with a low degree of polymerization are known as oligo-
mers. The molecular masses of high polymers are of the order 
4 6 
of 10 to 10 , and hence, are high molecular compounds. 
Oligomers are polymers with a molecular mass of 500-6000. 
A polymer may consist of monomers of identical or of 
113 different chemical structure . Homopolymers are those 
polymers which consist of identical monomers. Those polymeric 
compounds which contain several types of monomeric units in 
their chain are Tcnown as copolymers, or mixed polymers, 
Monomeric residues may combine with each other into a macro-
molecule to form polymers of linear, branched or crosslinked 
structure. 
In linear polymers macromolecules are long chains 
with a high degree of asymmetry. A branched polymer is a 
long chain with side branches, the number and length of 
which may vary widely. 
22 
Crosslinked, or three dimensional, polymers consist 
of long chains connected upto a three - dimensional network 
of chemical crosslinks. Both linear and branched polymers 
114 
are thermoplastics , However, cross linked three dimen-
sional, or network polymers are thermoset polymers. The 
linearity provides strength while the branching provides 
toughness, 
Copolymers may also be linear, branched or crosslinked 
In copolymer molecules the monomer residues may be arranged 
in the chain at randon, according to the laws of chance, or 
regularly. Copolymers of the former group are called statis-
tical (irregular) and those of the latter-regular. 
Linear copolymers in which the unit of each type form 
fairly long continuous sequences (blocks) are known as block 
copolymers. Branched copolymers with monomers of one kind 
in their main chain and monomers of another in their side 
branches are called graft copolymers. According to the 
structure of their main chain all polymers fall into homo-
chain and heterochain polymers, 
Classification of Polymers t 
According to their chemical composition polymers may 
113 be classed as organic, inorganic or elemento-organic. 
This classification was suggested by Berlin and Parini 
113 
23 
Organic polymers are the most thoroughly studied and 
thus are the best material for examining the basic regula-
rities of polymer structure. They include apart from carbon 
atoms, hydrogen/ oxygen, nitrogen, sulphur and halogen atoms, 
even if the oxygen, nitrogen or sulphur is in the backbone 
chain. 
Inorganic polymers are polymers, containing no carbon 
atoms. Compounds that fall into the catagory of inorganic 
polymers are those whose chains are composed of different 
atoms joined by chemical bonds while weaker Intermolecular 
forces act between the chains. 
Elemento-organic or hetero-organic polymers include 
(a) compounds whose chains are composed of carbon atoms and 
hetro-atoms (b) compounds with inorganic chains if they 
contain side groups v;ith carbon atoms connected directly to 
the chain. 
We shall mainly consider organic polymers, such as 
(PVA) Polyvinyl Alcohol and (PVP) Polyvinylpyrrolidone.. 
Both of these are nonionic and water soluble polymers. 
Polwihyl Alcohol (FVA) 
CH2 - CH 
OH 
24 
Polyvinyl Alcohol ^"^  ^  ' ^ •^^'^^^ is the simplest struc-
tured water-soluble synthetic polymer. It is produced by 
the hydrolysis of Poly (vinyl acetate), the product may 
still contain residual acetate groups, PVA is unstable in 
acidic or basic aqueous systems, and is highly crystalline. 
Although the polymer is water-soluble, hydrogen bonding 
occurs between hydroxyl groups on different chains, and thus 
heat is required to break such bonds and obtain rapid 
solution. Water solubility can be reduced by heat treatment 
and by reaction with difunctional compounds, such as di basic 
acid. This polymer is resistant to organic compounds and is 
unaffected by oils and fats. It is very reactive chemically. 
Films of PVA are used as protective coatincrs. It is also 
used as an adhesive, for grease-proofing paper, as a size 
of yarns, and as a thickening agent for various suspensions 
and emulsion systems. Plasticised with liquids like glycerol 
and ethylene glycol, it is used to make tubing and in other 
applications where its oil resistance, good tensile strength, 
good flex resistance and low gas permeability make its use 
desirable, 
PolyvlnylpYrrolidone (F/P) 
CH. 
CH, 
CH, 
CH 
N 
'C = O 
CH, 
n 
25 
11? 11fi This synthetic polymer ' is a very significant member 
of the group of water soluble polymers. It can be obtained 
when formal dehyde and acetylene react over a copper 
acetylide catalyst at pressure of about 20 atm, and the 
product is catalytically hydrogenated to give 1,4-butanediol, 
Dehydrogenation in the vapour phase over a copper catalyst 
gives butyrolactone, treatments of which with ammonia gives 
pyrrolidone. 
Vinylation is carried out by treatment with acetylene 
at pressure exceeding 10 atm in the presence of KOH. Poly-
vinylpyrrolidone is stable to strong acids but not to alkalis. 
PVP is highly polar. Its polarity arises from the amide group 
present in the pyrrolidone ring of each repeat unit. The 
dipole moment of the ring is likely to be same as that for 
N-methylpyrrolidone, which is 4.07 + 0.04 D. PVP is soluble 
117 
not only in water but also in a wide range of organic solvents 
PVP can form complexes with a variety of substances 
and due to this it has a considerable detoxifying action and 
can prolong the action of drugs. It has been used to protect 
emulsions/ dispersions and suspensions and has many cosmetic 
uses. 
PROPERTIES*STRUCTURE AND APPLICATION OF POLYMERS : 
Polymer properties and structure span over a very wide 
area, in view of its growing interest and significance. We 
2S 
shall first discuss polymer properties, in relation to their 
molecular weights, 
The average molecular weight (M) of a polymer is the 
product of the average number of repeat units or mers expressed 
as n or DP (Degree of polymerization) times the molecular 
weights of these repeating units. Some chemical and physical 
properties of low-molecular-weight compounds depend largely 
on the atoms present in the molecule and are little affected by 
molecular weight, size and shape. On the contrary high polymer 
properties, such as elasticity, strength and the viscosities 
of molten polymers are much different from those low-molecular-
weight substances of similar composition and show a marked 
dependence on molecular weight. Polymer properties also depend 
on the shapes or configurations of the polymer chains, the 
flexibility of the chains, and the presence and extent of 
crosslinking or branching. 
A polymer can adopt a variety of configurations. The 
D-L isomerism, which is due to the presence of an asymmetric 
carbon atom in the polymer chain can be represented by the 
following structure, 
R C R< 
B 
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The asymmetry is determined by unequal length and possible 
differences in space configuration of the tv.'o parts of the 
molecular chains connected to each carbon atoms (R y^  R')/ in ' 
the presence of two different substituents A and B. Polymers 
in which all adjacent asymmetric carbon atoms over the length 
of at least one macromolecular chain have the same space 
configuration are called isotactic polymers. On the other 
hand polymers whose macromolecules are made up of units with 
opposite space configuration of each consequent asymmetric 
carbon atom in the chain are called Syndiotactic polymers. 
Polymers having irregular arrangement of groups in space are 
termed atactic. 
Thermodynamic properties of polymer solutions are highly 
dependent on the molecular weight of the polymer and, to some 
extent, on its shape and flexibility. The laws of ideal solu-
tion which are applicable to dilute solutions of low-molecular-
weight substances are not applicable to dilute solutions of 
high molecular weight polymers. The arrangement of the chains 
in the bulk polymer is another factor on which the properties 
of high polymers depend. X-ray studies have shown that linear 
polymers may have a two phase structure in which the chains 
are arranged in orderly three dimensional arrangements called 
crystalline regions, and in tangled disordered arrangements 
termed amorphous regions. The average length of a crystalline 
region is always less than that of a polymer chain, so that a 
28 
chain will usually pass through several crystalline regions 
and the amorphous regions between them. This inter connection 
of crystalline and amorphous regions enhances the strength of 
the polymer, A diagrammatic representation of crystalline and 
amorphous regions is shown in fig.(5X 
Properties such as fibres, plastics, and elastomers 
depend on crystallinity. Polymers with strong interchain forces 
and symmetrical repeating units can be drawn to give fibres 
with a high elastic modulus, low extensibility and often high 
crystallinity. Polymers with lower modulus, small crystallinity 
and greater extensibility may form mouldable plastics or resins. 
Those having low modulus, high extensibility and very low crys-
tallinity may forro elastomers or rubbers. The principal diff-
erences between fibres, plastic and elastomers are the presence 
and absence of stiffening groups in the chain, the size of the 
pendent groups on the chain, and the strength of the inter-
molecular forces, 
Polymers have got immense use and their applications 
118 
are tremendous . Variety of natural, semisynthetic and 
119 
synthetic polymers have been proposed as plasma substitutes 
Prominent among the synthetic polymers so proposed is PVP. 
120 David and Gavendo have found PVP to be useful as a protective 
agent in the freeze-preservation of whole blood. They have also 
studied the protective action of PVP towards thermal and mecha-
nical damage of red blood cells. 
29 
FIG.5. SCHEMATIC REPRESENTATION OF POLYMER 
STRUCTURE A. CRYSTALLINE REGION 
B. AMORPHOUS REGION. 
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Polymer membranes are applied in the purification and 
treatment of water and aqueous systems by processes such as 
electrodialysis and hyper filtration (reverse osmosis). 
121 Glueckauf has outlined the main processes, which are used 
122 
commercially for seawater desalination, while Sourirajan 
has applied the reverse osmosis technique. 
Polymers have been widely used in paints and coatings. 
A very recent development in the field of paints is that of 
the so called emulsion paints, which are based on aqueous 
dispersions of polymers such as poly (vinyl acetate). Polymers 
are of significant importance in the field of fibres, textiles 
and fabrics. Majority of companies are involved in the fabrica-
tion and finishing of polymers for industrial and general 
public consumptions. Polymers find immense applications and 
uses in the production of films and sheets, polymeric foams, 
reinforced plastics and laminates, adhesives and cosmetics. 
The application of polymers are extremely diverse. For 
123 124 
more details we can refer to general sources ' and also 
to more specific sources for the individual polymers indicated. 
125 Polyacrylic acid (PAA) and its homologs , Polyacrylamide 
1? 6 12 7 
(PAAm) , Polyethyleneimine , Polyethylene oxide (PEO) and 
other polyethers^^®^-^^*^' , Polyvinyl Alcohol (PVAp^"-^"^^ana 
Polyvinylpyrrolidone (pvp) ^ ^'^'^^^'^^^. 
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Polymer - Surfactant Interaction : 
When surfactants are employed in pratice, they are mixed 
with various substances for improving their performances. This 
is true for polymers in solution. When a surfactant and polymer 
are mixed in aqueous solution, there are significant changes in 
the properties of individual species. This is due to the fact 
that both polymer and surfactant belong to the group of sub-
stances whose solution properties show marked deviation from 
the regularities. Thus polymer surfactant interactions are of 
diverse industrial interest and also stimulate academic invest-
igation. The studies on these type of interactions began with 
the effect of ionic surfactants on proteins, and the changes 
observed in the state of solution and biological activities 
of the proteins. These were attributed to mutual binding or 
complex formation. Lately significant contributions of the 
coulombic forces in the binding was disclaimed , and also 
the ionic surfactant interactions or binding with uncharged 
synthetic polymers such as polyvinyl Alcohol (PVA) ~ , 
Polyethylene oxide (PEO)-^ "^ "^^  , and Polyvinylpyrrolidone 
iPVP)''"^  , etc., came into recognition. In these systems 
prominent electrostatic forces were absent and only the 
hydrophobic forces were present. Later it was found that 
anionic surfactants had strong interaction with various non-
ionic polymers. On the contrary cationic and non-ionic sur-
153 factants showed little or no sign of interaction at all 
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However in nonionic polymer-cationic surfactant systems counter-
ions played a crucial role " . The interaction pattern of 
cationic surfactants R-NH^ with PVP were enforced following 
the lyotropic series of anionic counterions, and the appearance 
of interactions with non-ionic polymers was much different from 
that of anionic surfactants. For example addition of anionic 
surfactants raised the viscosity of a solution of nonionic 
polymer like PVP and Polyvinyl Alcohol acetate copolymer (PVA-AC) 
remarkably. On the other hand the cationic surfactant with 
SCN" or l" counterions showed a decrease of viscosity in the 
very low concentration region and a sharp upturn in the higher 
concentration region ' . This behaviour arises due to 
binding of SCN~ or l" to the polymer initially as ion pair for 
inducing further binding of more surfactant cations, but hydro-
phobic counterions such as ethyl sulfate or butyl sulfate did 
not show any inducing effect for binding of cationic surfac-
154 tants . In the interactions of PVP with alkyltrimethyl-
154 
ammonium and alkylpyridinium salts , counterion-induced 
enforced binding was absent. Thus we see that polymer-
surfactant interactions have revealed a complicated aspect. 
1 fi 1 
Viscosity as well as calorimetry measurements indicate that 
interactions cannot be explained entirely on the basis of 
hydrophobic interaction. Recently NMR studies have revealed 
that methylenes adjacent to the anionic head group are involved 
in the binding to PEO''-^ '^"'•^ .^ 
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Thus we can conclude that interaction between ionic 
surfactants and non-ionic polymers is a kind of salt effect 
on the polymers in solution, reinforced by the presence of 
a large hydrophobic moiety: the ion pair with the hydrophobic 
moiety is bound to the polioner by hydrophobic effect and 
exerts its effect as a salt on the polymer more efficiently 
157 
than the ordinary salt . VJhen the polymer was more hydro-
phobic/ its hydrophobic interaction with hydrophobic ions 
164 like surfactants tended to reduce the ion head effect 
Polymer-surfactant systems in aqueous media are therefore 
a special case of polymer-ion systems in various solvents, 
and only the micellizing ability of the cosolute makes the 
appearence of interactions more remarkable and distinctive. 
Different models of polymer-surfactant interaction are shown 
in Fig.(6). 
Two types of experimental techniques have been used to 
study the polymer-surfactant interactions. The first type 
includes the techniques measuring the macroscopic quantities 
i.e. which are influenced by all the components present in 
the solution (e.g. viscosity, dyesolubilization, conductivity, 
surface tension and e.m.f. measurements etc.). The second 
type includes the techniques which measure changes in molecular 
properties of the interacting species such as spectroscopy. 
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FIG.6. VARIOUS MODELS OF POLYMER - SURFACTANT INTERACTION 
3D 
, We have investigated the studies involving polymer-
surfactant interaction, by viscosity and conductivity measure-
ments. Basically we have done these studies to learn the 
nature and properties of the complexes formed when polymer 
^nd surfactant are jointly present in a solution. Furthermore 
these investigations help us to evaluate approximately if not 
exactly the changes occuring in the properties of a particular 
surfaictant, by the addition of non-ionic water soluble polymers 
Also, through these studies one can get an indepth knowledge 
regarding the properties such as binding phenomenon, hydro-
phobic character, adsorption and orientation of various non-
ionic water soluble polymers. 
u 
E X P E R I M E N T A L 
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(aj Materials : 
Sodium dodecyl sulphate (SDS) was obtained from BDH 
(England), It was purified by repeated crystallization from 
ethanol-acetone mixture and finally extracting from petrol-
eum ether. The surfactant was dried in a hot air oven at 
50 C. The purity of the surfactant was checked from the 
absence of minimum in the surfactant concentration versus 
surface tension curve and from the aetermination of CMC 
value by conductivity measurements. The CMC value was found 
to be in agreement witn the literature value. 
Cetyltrimethylammonium bromide (CTAB), was obtained 
from E, Merck, (Darmstadt). It was recrystallized twice from 
acetone, and dried in a hot air oven at 50 C to a constant 
weight. The purity of the surfactant was checked by the 
methods described above. 
The two nonionic water soluble polymers used in the 
present work were polyvinlylpyrrolidone (PVP) and Polyvinyl 
Alcohol (PVA). PVP, K-30, molecular weignt 40,000, was obtained 
from Sisco Research Laboratories (India). It was used without 
purification. The Intrinsic viscosity |_^J of PVP was measured 
at 25°C and was found to be 0,23 dl/g (Fig. 7 & 9). Polyvinyl 
Alcohol, molecular weight 77,000, was a gift sample from 
Dr. Pratap Bahadur, South Gujrat University Surat. The sample 
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was used without any further purification. The intrinsic 
viscosity of P/A, at 2b C was found to be 0,S8 dl/g 
(Fig. 8 & 10) . 
Ordinary distilled water was first demineralized by 
passing through an ion exchange column. It was distilled 
twice in presence of alkaline permaganate in all quick fit 
pyrex glass assembly. The specific conductivity of v;ater was 
about Ixio' to 2x10 ohm~ cm" . v;ater equilibrated v;ith 
atmospheric carbon-di-oxide was used throughout the work. 
(b) Preparation of Solutions : 
For viscosity studies stock solutions of CTAB and SDS/ 
below# near and above the CMC of surfactants were prepared 
in distilled water. These solutions were used to prepare 
I/O FVP and P\^A polvmer solutions. Thus, the surfactant 
concentration was fixed and polymer concentration varied for 
a particular set of experiment. 
For conductivity measurements, stock solutions of PVP 
ana PVA of 0.00", 0.01/ 0.05, O.lyo concentration were prepared 
in distilled v^ 7ater, These polymer solutions were used as 
solvent to prepare CTAB solutions. Thus, for conductometric 
study, the polymer concentration v/as kept constant and the 
surfactant concentration v;as varied for each set of experi-
ments, 
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{c) Viscosity Measurements : 
The viscosities of the solutions were measured in an 
ubbelohde viscometers, maintained at constant temperature of 
25 C, in a thermostated bath. The relative viscosity { '] ) 
of solutions was calculated from the following relation: 
where, 'M and '^ are the viscosities of solution and solvent 
respectively, t and t are the flow times for a fixed volume 
of solution and water respectively at the experimental tempera-
ture . 
Other viscosity parameters can be related as 
UP 
( s p 
- \ - ' 
( r e d 
where, '^-^ is the specific viscosity, C is the concentra-I sp p 
tion of polymer and | >i i^ "the reduced viscosity. Density 
corrections were not made since it was found that these were 
negligible. 
(d) Measurement of Electrical Conductance : 
The electrical conductance of solutions was measured 
by a Phillips conductivity meter model PR 9500, equipped with 
platinized electrodes (cell constant = 0.52 cm" ). The measure-
4n 
ments were performed by progressive addition of CTAB (5 mM) 
stock solution at fixed polymer concentration (WA^). Initially 
a 20 ml of aqueous polymer solution was taken in a glass 
container immersed in a constant temperature bath maintained 
at 25 + 0,1 C, The conductivity of the solvent was measured 
when it attained thermal equilibrium. To this solvent a very 
concentrated solution of CTAB was added with the help of a 
micropipette. After each addition of CTAB solution the contents 
of the container were thoroughly mixed and after ensuring 
thermal equilibrium the conductivity of the mixture was noted. 
The same procedure was adopted for different polymers of 
various concentrations. 
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RESULTS AND DISCUSSION 
42 
( a) Viscosity Measurements : 
Various viscosity parameters such as relative viscosity 
(T\ ) , specific viscosity (Qg^) and reduced viscosity ( Y^ ,) 
-3 -3 
of SDS solutions of concentration 20x10 M, 8.5x10 M, and 
4x10 M m presence of dirrerent concentrations of PVP and P^ /A 
are tabulated in tables I £c II respectively. Llikewise varia-
tion of viscosity parameters of CTAE solutions of concentra-
tions 4xl0~ M, IxlO'^ H^ and 0.4xl0~ M in presence of different 
PVP and FVA concentrations have been tabulated in Table Ill&rv 
respectively. The reduced viscosity plots for SDS solutions in 
the presence of different concentrations of polymer/ PVP arid 
PVA have been shov/n in figures 7 &. 8. Similarly reduced visco-
sity curves for CTAE solutions in presence of different concen-
trations of PVP and PVA are sho\rni in figure 9 & 10 respecitvely. 
From SDS - FVP system in figure 7, it is clearly 
evident that the reduced viscosity (K7_ J) increased abruptly 
at lev; polymer concentrations with decreasing concentration 
of polymer. Also, as the surfactant concentration decreases 
the rapid increase in ![ , becomes less intense. The SDS -
PVA system in figure 8 reflects almost the similar behaviour/ 
except that beiov; and near the critical micelle concentration 
of SDS the reduced viscosity curves increase rapidly after a 
slioht decrease of T) -.at low polvmer concentrations. A 
L red 
similar behavioui" has been reported tor sodium dodecyl benzene 
43 
sulphonate, NaDBS-P^/A system in the literature"'•. Viscometric 
studies for SDS-PVA system have also been reported by Lev;is 
l38 
and Robinson „ Besides studying interaction/ they have also 
shown the effect of added salt (NaCl) on polymer - surfactant 
system. The behaviour of CTAE - tVF system in figure 9 is 
identical to that of LiD^  - FVP system. 
however/ significant changes are observeci in the 
r)j-gQ curves for CTAB-P-'A system in figure 10. The ^ 
values after decreasing slightly at low polymer concentrations/ 
again increase abruptly v;ith decreasing concentration of polymer. 
137 Tadros has also reported the influence of the addition of 
CTAB to PVA solutions. His results show a rapid increase in 
[red in -J curves at low polymer concentrations. 
From the above observations we can conclude that in 
systems involving FVP, reduced viscosity values increase 
abruptly with decreasing pol^ /mer concentration. On the 
contrary in systems V7here FVA is employed, the reduced 
viscosity values, after decreasing slightly at lo\r/ polymer 
concentrations, are again on the abrupt increase, in case of 
SDS - PVA system. The decrease is more pronounced for 
CTAB-PVA system, Tris may be attributed to the nature of the 
polymer or to the difference in properties such as binding, 
adsorption and orientation of the tv/o polymers. 
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From the observations recorded in table I-IV, v;e can 
See that relative and specific viscosities increase v;ith the 
increasing polymer concentration, v;hile the reduced viscosity 
values have revealed a somev.'hat complicated aspect. For SDS-
PVP and CTAE-PVP system the reduced viscosity values increase 
with decreasing polymer concentration. For CTAB-FVA system 
the reduced viscosity values, after decreasing are again on 
the increase with decreasing polymer concentration. For 
SDS-F7A system the reduced viscosity values increase with 
decreasing polymer concentration only for above CMC (20x10 M 
SDS). For near and below the CMC of SDS, the reduced viscosity 
values decrease slightly and then show an abrupt increase with 
decreasing pol^nner concentration. 
However, for all the four systems, the reduced viscosity 
values increase at lov/ polymer concentration, resembling the 
165—168 typical behaviour of a polyelectrolyte , formed as a result 
1 67 
of the adsorption of detergent on polymer in aqueous solution . 
According to Isemura and Imanishi , the rapid increase in 
T) J st low polymer concentration is due to an anamolous 
viscosity behaviour arising from adsorption of polymer mole-
cules by the capillary wall of the viscometer ' , but 
since this effect is absent in absence of surfactant ions 
and the increase in X) .. is dependent on surfactant concen-
tration, we may explain the increase in i| , at low polymer 
concentraticn in terms of the appearance of the first electro-
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• - ( 4mM CrAB) 
1 - ( ImMCTAB) 
0 _ (0 . ImMCTAB) 
PVPINWATER 
0.1 0.2 0.3 0.6 0.5 0.6 0.7 0.6 0.9 t.O 
CONCENTRATION OF PVP ( V. w / v ) 
FIG.9. VARIATION OF REDUCED VISCOSITY OF VARIOUS 
CTAB SOLUTIONS WITH PVP CONCENTRATION 
AT 25°C . 
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viscous effect (i.e. deformation of the double layer around 
the poly electrolyte chain under shear). Another factor res-
ponsible for the abrupt increase in '|^_J is the swelling 
of the polymer coil as a result of acquired charge. This 
swelling reflects an increase in the intrinsic viscosity of 
the polymer on the addition of surfactants. 
(b) Conductivity Measurements : 
Variation of various conductance parameters for 0.00, 0.01, 
0.05 and 0.1% PVP and PVA solutions with CTAB concentration 
are tabulated in tables V - XI respectively. 
The plots of equivalent conductivity (A) versus square 
2 for 
root of CTAB concehtrationdOv/C^^^g )/0.QO, 0.01, 0.05 and 0.1% 
PVP and PVA solutions are shown in figure 11 and 12 respecti-
141 
vely. An identical work has been reported by Jones and 
13 7 Tadros . Jones has studied (Poly oxy ethylene) PEO + Sodium 
dodecyl sulphate system at polymer concentration lower thsn 
0.07% (V;/V) . On the contrary Tadros has .studied PVA-CTAB 
system. However the results of both the workers have shown 
the emergence of two transition points. 
From the plots of A - lO/C^ ^^ giri figure 11 and 12, useful 
information regarding the binding of the surfactant ions to 
the polymer is obtained. The equivalent conductivity ( A ) is 
to 
regularly on the decrease. This is due^binding of surfactant 
54 
ions to individual sections of the polymer as suggested by 
146 Fishman and Eirich . The plots show that at first there 
is a decrease of equivalent conductivity with increasing 
surfactant concentration. This can be attributed to the 
rapid uptake of surfactant ions, with the formation of 
mixed micelles as a result of cooperative action of bound 
146 
surfactant ions and the polymer chain segments. Again 
we can interpret from the plots that, with further increase 
in surfactant concentration, the decrease in the equivalent 
conductivity becomes less intense. This is due to the change 
in the mode of binding of the counterions or formation of 
mixed micelles. 
Thus we can now establish that polymer-surfactant 
interactions can be understood as complex formation between 
surfactants and polymers in solution. The water soluble 
polymers, PVP and PVA have polar side groups. The properties 
of solutions containing both a polymer and surfactant have 
been explained by assuming the formation of polymer-surfactant 
complex, resulting from the binding of the surfactant ions 
onto the polymer chain. As the hydrophilic character of the 
1 67 polymer decreases, the adsorption of surfactant ions also 
decrease. This factor gives an ample evidence to conclude 
that hydrophobic bonding is the chief binding force, responsible 
for such type of interactions. 
55 
Although much v;ork has been done in the field of 
polymer^ Surfactant interaction, we are still not in a 
position to give a comprehensive explanation of the 
interaction in detail. 
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